Abstract
Background Data on reference values of transfer factor variables in general populations of asymptomatic never smokers are limited. The aim of this study was to examine the relation between test variables and age, height, haemoglobin concentration and carboxyhaemoglobin concentration. Methods Measurements of single breath transfer factor for carbon monoxide (TLCO) were obtained for a randomly selected sample ofnever smokers in north western Europe who were 18-73 years old and had no respiratory symptoms or disorders. Two recordings of TLCO with a ratio of inspiratory vital capacity to forced vital capacity of > 0-09 were obtained by standardised techniques for 304 subjects. Results The measurement errors expressed as a percentage of the common mean value of TLCo, volume adjusted TLCO (Kco), and alveolar volume (VA) were 4-5%, 4 2%, and 2-4% respectively.
Multiple linear regressions showed sex specific effects of height and age on TLCO, and, in addition, of haemoglobin and carboxyhaemoglobin concentrations on Kco. VA was associated with height but not with age. The 5th and 95th centiles for TLCO and Kco in men and women were between 78% and 82% and between 120% and 127%, respectively, of predicted values when age and height were taken into account.
Conclusion Reference equations and
normal values for transfer test variables in a large healthy population of never smokers are described in relation to age, height, and haemoglobin concentrations.
To our knowledge, this is the first report of an association between carboxyhaemoglobin concentrations and Kco in a population of never smoking men and women.
Single breath carbon monoxide transfer factor (TLCO) is a simple, non-invasive measure of gas exchange that has been used routinely in clinical respiratory laboratories 1987-8 were again questioned regarding their smoking habits it was found that 16 subjects had taken up smoking and that 14 had been smokers at the time of the 1985 postal survey but had since stopped smoking. On clinical examination by a physician five subjects had clinical signs of chronic obstructive lung disease and two had mucus hypersecretion (chronic bronchitis). Fifteen subjects had a disease that may affect pulmonary function (pulmonary infiltrate (one), upper airway disease (three), heart failure (three), and other disease including muscular and skeletal abnormalities (eight)). Eight subjects were not willing and two were not able to do at least two TLCO measurements. Thirty subjects examined in the first 18 days used an alveolar sample bag with a leak, and the data for these subjects were excluded from the survey. Thus 448 subjects had two TLco recordings. Of these, 304 subjects completed two transfer factor tests with an IVC of > 09 maxFVC (reference population), 76 subjects completed one transfer factor test with an IVC of > 0 9 maxFVC, and 68 subjects completed two transfer factor tests with IVC of <0 9 max-FVC. The population surveys show that the height regression coefficient for VA is higher in men than in women, probably because of anthropometric differences between the genders. Among the previous population surveys, the regression coefficient on height in the models varied by 45% in men and 29% in women, being largest for the Norwegian population. Age was not significant in any survey.
The method of Crapo and Gardner was applied to compare the results of the transfer test in our 304 reference subjects with results predicted from models developed for the populations of Helsinki, Finland8; Po, Italy"; the European community"; the state of Carboxyhaemoglobin concentration was measured in all subjects except one man (table  1) , and the range of values was up to 1-4% in women and 1-6% in men. These concentrations, as well as the gender related differences in concentration among never smokers in Norway, are in agreement with previous observations in a large population of nonsmoking blood donors in St Louis, Missouri. 26 The variation among subjects may be due to differences in concentration of carbon monoxide in the inspired air, endogenous carbon monoxide production, and exercise level. A multiple linear regression which included height, age, and haemoglobin concentration showed that the decrease in TLCO with increasing carboxyhaemoglobin concentration was of borderline significance in women and was not significant in men (table 4) . The regression coefficient, however, reflected a magnitude of 3% decrease in TLCO per 1% change in carboxyhaemoglobin concentration. This decrease is more than that observed in experimental studies, where small amounts of carbon monoxide were added in four subjects7 or in 10 subjects when repeated transfer tests were done which caused an increasing carboxyhaemoglobin concentration. 27 Leech et al found that the magnitude of the back pressure in 177 non-smoking subjects reduced the TLco by approximately 0-6% of the baseline value for a 1 % increase in carboxyhaemoglobin concentration.2' Several approximations were used for this estimation, as the concentration was calculated from the oxygen rebreathing procedure. 28 Carboxyhaemoglobin concentration explains a much larger fraction of the Kco variation than of the TLCO variation. The reduction in Kco is due to two effects of carboxyhaemoglobin. The first is a reduction of the carbon monoxide driving pressure across the alveolar membrane because of the carbon monoxide back pressure in the lung capillaries. The second is the reduction of available haemoglobin binding sites. Our findings indicate that Kco is more sensitive to changes in carboxyhaemoglobin concentration in never smokers than in smokers. This finding, taken with the existing data in the published work on asymptomatic smokers with higher baseline carboxyhaemoglobin concentration indicate that its effect on Kco is non-linear from 0 5% to approximately 5 0%. Its effects on Kco have not, to our knowledge, been reported previously among never smokers and should be examined in other populations.
In summary, the reference equations and normal limits for the transfer test variables described were derived from a healthy never smoking segment of a randomly selected population on the south-western coast of Norway. The measurement of haemoglobin and carboxyhaemoglobin concentrations is important for interpretation of both individual and group estimates of Kco and should be performed whenever possible. 
